Deep learning using neural networks has provided advancements in image style transfer, which merges the style of one image (e.g., a painting) and the content of another image (e.g., a photo). Our research shows this concept can be extended to improve urban design practices. Specifically, this study proposes an innovative computer-generated urban design methodology to facilitate goal-oriented amendments to the urban environment. Whereas traditional design generally focusses on designing small, local areas (i.e., a bottom-up approach), this new method can cover large areas using observation-based design. Our research has two main objectives; (i) to present a new technique for urban design based on big data and artificial intelligence; and (ii) to present findings of associations between health outcomes and specific urban design elements discovered using this methodology.
Extended Abstract
Deep learning using neural networks has provided advancements in image style transfer, which merges the style of one image (e.g., a painting) and the content of another image (e.g., a photo). Our research shows this concept can be extended to improve urban design practices. Specifically, this study proposes an innovative computer-generated urban design methodology to facilitate goal-oriented amendments to the urban environment. Whereas traditional design generally focusses on designing small, local areas (i.e., a bottom-up approach), this new method can cover large areas using observation-based design. Our research has two main objectives; (i) to present a new technique for urban design based on big data and artificial intelligence; and (ii) to present findings of associations between health outcomes and specific urban design elements discovered using this methodology.
Methodology. A Victorian survey [1] among 34,000 people was used to identify the spatial distribution of health and wellbeing outcomes, including general health, feeling safe at night and social capital. For each outcome, the ten percent best and worst locations were grouped into two sets (i.e., domains). Google Street View (GSV) images from each location sampled urban design from an observer's point of view, leading to over 80,000 GSV images per domain. Since no matched pairs of images exist, supervised learning is not feasible. However, generative adversarial networks (GANs) have proven to be successful for style transfer using unsupervised learning. GANs consist of multiple competing models, namely generator (generating images in the new style) and discriminator (assessing if the generated image looks realistic) neural networks. Our approach is based on unsupervised image-to-image translation [2] and consists of two variational autoencoders [3] plus two discriminator models, calibrated for 1.2 million iterations using GPU computing. GSV images were then translated from one domain to the other, preserving the main structure of the input image (cf. 'content'), but transforming the 'style' from bad to good health outcomes (for example). The method is flexible with respect to a designer's aims, as the target domain can represent a mix of desired outcomes. Finally, the method has potential for immersive virtual reality applications by mass translating images, showing shifts in design style in a cost-effective manner, without the need for a (slower, more expensive) bottom-up urban design approach.
Findings. The translation from good to bad general health showed that buildings appearing close to the GSV camera were moved further away, indicating compactness of the urban environment is associated with good general health. This is consistent with [4] , who found compact city design yields health gains of 420-826 disability-adjusted life-years per 100,000 population. Further observations include the positive impact of green space (e.g., grass, bushes and trees) on general health. The translation of areas where people feel unsafe at night to a safe style yielded taller trees. This is supported by [5] , who found a significant positive correlation between the perceived safety of GSV images and visibility of vegetation higher than 2.5 m. For the reverse translation, footpaths were removed, multi-level buildings reduced to single-level and more open space was created, indicating that people feel safer when not exposed to walking outside at night in low-density, open areas. An increase in social capital is associated with more grass, new or wider footpaths, smaller trees and the removal of fences. We speculate that reduced privacy measures (i.e., fences, large trees) and suitable outdoor space and infrastructure (i.e., grass,
